Introduction {#sec1}
============

Non-alcoholic fatty liver disease (NAFLD) includes a spectrum of liver disease defined by an excessive accumulation of fat (triglycerides) in hepatocytes, ranging from hepatic steatosis (non-alcoholic fatty liver, NAFL) to non-alcoholic steatohepatitis (NASH), liver cirrhosis, and hepatocellular carcinoma. NAFLD does not result from alcohol consumption but rather is associated with obesity, insulin-resistance/type 2 diabetes mellitus (T2DM), hypertension, and dyslipidaemia.[@bib1]^,^[@bib2] NAFLD is one of the most common causes of chronic liver disease worldwide,[@bib3] estimated to affect 25% of the adult population globally,[@bib4] including 20--30% of adults in the western world.[@bib5]^,^[@bib6] Among the NAFLD population, NASH (the more progressive form of the disease) has a reported prevalence of 5--20%,[@bib7] but may occur more frequently in people who are obese or diabetic.[@bib8] Considering the global rise of obesity and the ageing population, NASH is a serious public health challenge that is predicted to become increasingly prevalent.[@bib4]^,^[@bib9]

NASH is distinguished from NAFLD histologically by the presence not only of steatosis, but also of inflammation and hepatocyte ballooning, with or without fibrosis.[@bib10] Therefore, liver biopsy remains the current standard for NASH diagnosis.[@bib11] However, this procedure is associated with complications and, thus, is limited by patient acceptability as well as by cost and sampling error.[@bib11] In that context, guidelines recommend the initial use of blood-based simple scores[@bib12] or biomarkers, such as Fibrosis-4 (FIB-4) or enhanced liver fibrosis scores and imaging techniques (*e.g.* transient elastography) to triage patients based on the likelihood of NASH being present with more advanced stages of fibrosis.[@bib13]^,^[@bib14]

NASH-associated mortality increases exponentially with fibrosis stage.[@bib8] However, there is substantial interpatient variation in disease progression and outcomes. Although understanding of the factors that affect interpatient variation in disease outcome remains incomplete, NAFLD is best considered a complex disease trait where environmental factors act upon a genetically and epigenetically determined background to modify natural history and outcome.[@bib15] In long-term follow-up studies, ∼40% of patients exhibited progressive disease, 40% stable disease, and 20% disease regression during follow-up.[@bib16]^,^[@bib17] Initially, cirrhosis is not clinically apparent, and is termed 'compensated cirrhosis'; however, emerging data suggested that health-related quality of life (HRQoL) is impaired during earlier stages of NASH.[@bib18] Over time, individuals experience hepatic decompensation, characterised by jaundice, ascites, variceal haemorrhage, and encephalopathy.[@bib19]

The current standard of care for NASH management comprises lifestyle changes (*i.e.* diet and exercise) and medication for comorbidities, such as diabetes and hypertension.[@bib13] Individuals with early NAFLD are generally managed in primary care, with lifestyle modification. By contrast, patients with NASH and more advanced fibrosis require a multidisciplinary approach, and are currently optimally managed in a secondary-care setting.[@bib13] There is currently no pharmacological treatment licenced for NASH, although clinical guidelines recommend that specific antidiabetic and antioxidant drugs (*e.g.* pioglitazone and vitamin E) can be used in selected patients with fibrosing-steatohepatitis.[@bib13] Bariatric surgery induces weight loss and, thus, may also improve fibrosis.[@bib13] To date, the only curative treatment for cirrhosis is liver transplantation. In the USA, NASH cirrhosis-related liver transplantations increased from 1.2% in 2001 to 9.7% in 2009,[@bib20] and NASH is expected to become the leading need for liver transplantation in the near future.[@bib10]^,^[@bib21]^,^[@bib22]

A recent study developed a steady-state prevalence model to estimate the economic burden of NAFLD. This suggested that more than 64 million people in the USA and around 52 million people in France, Germany, Italy and the UK have NAFLD.[@bib23] The annual direct medical costs associated with NAFLD were estimated to be US\$103 billion/€89 billion (US\$1,613/€1,430 per patient) in the USA and €35 billion (from €354 to €1,163 per patient) in Europe. Total costs were highest in patients aged between 45 and 65 years, and the burden was predicted to be significantly higher when societal costs were included, although these were not quantified.[@bib23]

The overall aim of the Global Assessment of the Impact of NASH (GAIN) study was to determine the real-world humanistic and socioeconomic burden of NASH in adult patients in Europe and the USA. The primary objective was to explore the impact of NASH on patients\' HRQoL using patient-reported outcome measures. The secondary objective was to estimate the total annualised cost of the disease, including all health-related items and non-health and indirect costs accrued by patients and their families. Patient stratification by country and fibrosis stage added granularity to the analyses.

Patients and methods {#sec2}
====================

Study design {#sec2.1}
------------

GAIN was a retrospective, cross-sectional study involving physicians and patients providing past and present clinical and economic data from five European (EU5) countries (France, Germany, Italy, Spain, and the UK) and the USA. Patients eligible for inclusion in the study were adults (18 years and over) found to have NASH, following exclusion of other potential liver diseases, confirmed at least 12 months before the date at which they were recruited. Although a definitive NASH diagnosis requires confirmation from liver biopsy, some patients either are unwilling to undergo a biopsy or have a contraindication to it. Restricting recruitment to only patients with a biopsy-confirmed NASH diagnosis would have biased the cohort towards patients under tertiary care and, thus, be unrepresentative of most real-world patients with NASH, who are managed in the primary and/or secondary-care setting. To address this, the expert Steering Committee (membership details are included in the [supplemental information](#appsec1){ref-type="sec"} online) recommended that the diagnostic criteria for NASH be broadened to include: (i) histologically confirmed NASH with fibrosis; (ii) clinical biochemistry and/or serum biomarkers indicating advanced fibrosis (*e.g.* AST/ALT ratio, NAFLD fibrosis score, BARD score \[derived from AST/ALT ratio, body mass index, and presence of diabetes\], and FIB-4 score) in patients with metabolic syndrome risk factors; or (iii) imaging techniques (ultrasound or MRI elastography, or CT imaging) indicating advanced fibrosis and/or cirrhosis in patients with metabolic syndrome risk factors. These latter non-invasive diagnostic procedures are able to reliably discriminate between advanced fibrosis (F3--F4) and early-stage fibrosis (F0--F2),[@bib24] but do not reliably differentiate intermediate stages of fibrosis.

Specialists provided information on direct medical resource utilisation and clinical and demographic data based on recorded notes data using a web-based case record form (CRF). They recruited eligible patients consecutively as they attended a clinical appointment, regardless of the reason for their consultation. Additionally, several patients completed (on a voluntary basis) a survey called the Patient Public Involvement Engagement (PPIE) questionnaire following the consultation, providing information about indirect and direct non-medical resource use. patient-reported outcome measures were assessed using validated instruments. Generic HRQoL was evaluated using EuroQol EQ-5D-5L.[@bib25] Disease-specific HRQoL was evaluated with the Chronic Liver Disease Questionnaire (CLDQ)-NAFLD; this reports on six domains: abdominal symptoms, activity, emotions, fatigue, systemic symptoms, and worry.[@bib18]

Through the above-mentioned CRFs, physicians collected relevant clinical and economic retrospective data at the time of patient consultation, which occurred between June and October 2018. Estimates of healthcare utilisation and costs were then calculated for the 12-month period. The online format of the CRFs ensured that numeric responses were kept within reasonable boundaries, and that infeasible responses (such as the ability to provide two mutually exclusive responses) were kept to a minimum. Nevertheless, a small amount of *post-hoc* data processing was conducted based on expert clinical guidance.

All patient participants provided written informed consent. The study protocol was approved by the Research Ethics Subcommittee of the Faculty of Health and Social Care within the University of Chester. The approval stipulated that the study was to be carried out in correspondence with regional and relevant guidelines, and the 1975 Declaration of Helsinki. For further details regarding the materials used, please refer to the [CTAT table](#appsec1){ref-type="sec"} and [supplementary information](#appsec1){ref-type="sec"}.

Cost estimation {#sec2.2}
---------------

Direct medical and non-medical costs were sourced from official country-specific data bases, as well as other non-country-specific sources, grey literature, and publicly available data (including commercial databases for non-medical costs and international websites, such as the World Health Organization and the Organisation for Economic Co-operation and Development databases). For instance, in the USA, the main sources of data were the Medicaid National Average Drug Acquisition Cost database for drug costs, the Centre for Medicare and Medicaid services for test procedures and surgeries, and the American Medical Association for consultations. For a list of all the used sources, refer to [Table S1](#appsec1){ref-type="sec"} in the supplemental information online. The choice of resources to be included in the GAIN study was defined by societal perspective. Cost categories included both NASH-related and non-NASH-related events. The total cost burden was categorised broadly as either direct or indirect expenditures. Direct medical costs included not only medication, hospitalisations, consultations, and surgical interventions, but also all tests and procedures used for diagnosis and follow-up of the disease. Direct non-medical costs included elements of professional and informal caregiving, alternative therapies, aids and home equipment/adaptations, and transportation and transfer payments (including state benefits or disability allowances). Over-the-counter (OTC) remedies were included in non-medical costs for practical reasons: not only were they only reported by the patient sample via the PPIE questionnaire (as opposed to all the above-mentioned medical items reported by physicians), but also most reported elements were dietary supplements, the medical therapy nature of which can be disputed. Finally, indirect costs were those that were less tangible in relation to the disease of interest but were nonetheless quantifiable. These included the loss of wages and productivity because of absenteeism or impairment while at work. We included loss of wages by patients, using the country-specific average salaries as a proxy for the opportunity costs.

Direct medical cost variables were obtained from the physician-reported CRF for all patients. Twenty percent of patients provided information about direct non-medical costs and indirect costs. All patients were categorised as having early (F0--F2) or advanced (F3--F4) fibrosis stage. Additionally, patients were classified by country to investigate possible differences in clinical and economic variables. Patients with a biopsy-confirmed diagnosis were included in the analysis, as well as patients with a NASH diagnosis using non-invasive diagnostic tools, such as ultrasound-based transient elastography. The use of these non-invasive tests that do not accurately differentiate intermediate stages of fibrosis imply a level of subjectivity in the physicians\' evaluations and, therefore, the possibility of some misdiagnoses of NAFLD and NASH.

All local currency total costs were converted to Euros using the official conversion rate (1 US\$ = €0.906756, 1 GB£ = €1.11799 as of September 12, 2019). Per-patient costs were calculated by multiplying the quantities of the resource used with the national unit price of each resource (updated to 2018 prices using inflation indicators via <http://ec.europa.eu/eurostat/web/hicp/data/database>). To extrapolate the sample costs to country population level, the per-patient costs were multiplied by national prevalence weights[@bib26]:$$\text{P}_{i} \times \text{Q}_{i} = \text{Cost}_{i}$$$$\text{Cost}_{i} \times \text{prevalence}\ \text{weights}\ \text{from}\ \text{the}\ \text{literature} = \text{population}\ \text{cost,}$$where P = price, Q = resource use, and *i* = 1 − n (where n = number of cost items).

Results {#sec3}
=======

CRFs were completed by 337 physicians, who recruited data from 3,754 patients. Among these, 1,619 patients (43%) had a histological diagnosis of NASH, staged by locally reported liver biopsy. Of the total patients, 767 (20%) completed a PPIE, which was matched to the corresponding CRF. Patient response rates ranged from 5% in the UK to 41% in Italy ([Table S1](#appsec1){ref-type="sec"} in the supplemental information online).

The main characteristics of the patients are summarised in [Table 1](#tbl1){ref-type="table"}. The demographics showed a slight preponderance of males, mean age in the low 50s (but higher in individuals with more advanced fibrosis) and a high level of obesity (BMI \>30).Table 1Study population and basic demographics.DemographicNASH disease stageOverallEarly (F0--F2)Advanced (F3--F4)No. of patients2,604 (69)1,150 (31)3,754 (100) Male1,493 (57)657 (57)2,150 (57) Female1,111 (43)493 (43)1,604 (43)Age (n)2,6041,1503,754 Mean (SD)52 (12.0)55 (11.4)53 (11.9)Body mass index (n)[a](#tbl1fna){ref-type="table-fn"}2,6041,1043,754 Mean (SD)30.8 (9.0)30.7 (7.8)30.8 (8.7)Country (n)2,6041,1503,754 Germany364 (67)176 (33)540 (100) Spain363 (70)159 (30)522 (100) France346 (68)162 (32)508 (100) UK322 (76)101 (24)423 (100) Italy377 (70)163 (30)540 (100) USA832 (68)389 (32)1,221 (100)[^1][^2]

NAFL/NASH diagnosis and fibrosis scores {#sec3.1}
---------------------------------------

The pattern of use of NASH diagnostic tests was consistent across EU5 countries, although did differ from practice in the USA. Routine clinical tests, including liver biochemistry, were commonly performed. Overall, ultrasound imaging was the most frequently used diagnostic technique, with 2,550 (68%) patients undergoing an ultrasound. Serum biomarkers and non-invasive tests to risk-stratify NAFLD/NASH were less commonly applied, despite being advocated in the European Association for the Study of the Liver, European Association for the Study of Diabetes, and European Association for the Study of Obesity and American Association for the Study of Liver Diseases clinical guidelines. The most frequently used was AST/ALT ratio (23%), followed by NAFLD fibrosis score (9%), BARD score (3%), and the FIB-4 score (3%). Use of the cytokeratin-18 biomarker, an unvalidated diagnostic tool that detects apoptosis, was reported in 3% of patients. Transient elastography (Fibroscan™) was the most frequently used imaging test to stage disease in 1,228 (33%) patients.

Key differences in practice between the EU5 countries and USA were that imaging techniques were less frequently used in the USA: 618 (51%) patients received an ultrasound compared with an average of 76% in EU5 countries; and only a minority received transient elastography: 157 (13%) compared with a total of 1,071 (42%) in EU5 countries. CT and MRI are predominantly indicated during follow-up in more severely affected patients (*e.g.* for screening or diagnosing hepatocellular carcinoma) and had been used in 20% and 18% of the sample, respectively. The reported rate of liver biopsy was lowest in Spain (130 patients, 25%), and highest in the USA (697, 57%).

One or more comorbidities were reported in 64% of patients, with a higher prevalence in patients with more advanced disease. Consistent with the association of NAFLD/NASH with the metabolic syndrome, the most frequent comorbidities were obesity (35% of patients), dyslipidaemia (32%), T2DM (27%), and hypertension (27%). Comorbidity rates showed a relatively similar trend across countries. Obesity and dyslipidaemia were most frequent in French (48% and 42%, respectively) and British (41% and 38%, respectively) patients, whereas Italy had the lowest rates of both (24% and 27%, respectively). The rate of hypertension was similar in most countries but slightly higher in France (38%). Depression was the most common mental and behavioural disorder, reported by 8% of patients overall and ranging from 10% in Italy (10%) to 6% in the USA. Cardiovascular diseases (excluding hypertension) were most commonly reported in Germany (18%), and least commonly reported in the USA (4%).

HRQoL {#sec3.2}
-----

The EQ-5D score decreased with fibrosis status (early *vs*. advanced) and varied by country ([Table 2](#tbl2){ref-type="table"}). In general, there was a clear pattern of decreasing HRQoL score with worsening fibrosis score in all countries, with the exception of France, where similar scores were seen in both early and advanced fibrosis.Table 2EQ-5D index by country and fibrosis stage[a](#tbl2fna){ref-type="table-fn"}.CountryNASH disease stageOverallEarly (F0--F2)Advanced (F3--F4)France, n9331124 Mean (SD)0.83 (0.15)0.82 (0.14)0.83 (0.15)Germany, n9437131 Mean (SD)0.81 (0.16)0.64 (0.26)0.76 (0.21)Italy, n16054214 Mean (SD)0.85 (0.12)0.5 (0.41)0.76 (0.28)Spain, n11947166 Mean (SD)0.7 (0.3)0.57 (0.36)0.66 (0.32)United States, n583694 Mean (SD)0.80 (0.19)0.67 (0.23)0.75 (0.22)All, n531218749 Mean (SD)0.80 (0.2)0.62 (0.33)0.75 (0.26)[^3][^4]

The average CLDQ-NAFLD index was 4.9, with France having the highest score at 5.7 and the USA having the lowest score of 4.4 ([Table 3](#tbl3){ref-type="table"}). There was also a soft trend for CLDQ-NAFLD score to decrease with fibrosis stage although this was not observed in all territories.Table 3CLDQ-NAFLD index by country and fibrosis stage[a](#tbl3fna){ref-type="table-fn"}.CountryNASH disease stageOverallEarly (F0--F2)Advanced (F3--F4)France, n9128119 Mean (SD)5.7 (0.9)5.7 (0.7)5.7 (0.8)Germany, n9436130 Mean (SD)5.0 (1.1)4.2 (1)4.8 (1.1)Italy, n15253205 Mean (SD)5.1 (1)3.7 (1.5)4.7 (1.3)Spain, n11644160 Mean (SD)5.2 (1.2)4.6 (1.4)5.1 (1.3)USA, n553691 Mean (SD)4.7 (1.05)4.0 (1.12)4.4 (1.12)All, n513210723 Mean (SD)5.2 (1.1)4.4 (1.4)4.9 (1.2)[^5][^6]

Direct medical costs {#sec3.3}
--------------------

Mean annual NASH-related direct medical costs per patient (see [Table S2](#appsec1){ref-type="sec"} in the supplemental information online for all subcategories) were €2,763 ([Table 4](#tbl4){ref-type="table"}); the direct costs for NASH and non-NASH elements (of which \>70% were for medication) are provided in the [Tables S3](#appsec1){ref-type="sec"} and [S4](#appsec1){ref-type="sec"} in the supplemental information online, and the total combined direct costs were €4,754 ([Table 4](#tbl4){ref-type="table"}).Table 4Mean annual total (NASH-related and non-related) direct costs by country (SD).CostNASH stageCountryOverallEarlyAdvancedGermanySpainFranceUKItalyUSAn2,6041,1505405225084235401,2213,754NASH-related (A)€2,224 (19,956)€3,983 (23,788)€1,917 (7,715)€2,162 (10,220)€1,357 (5,427)€1,851 (2,406)€1,732 (7,799)€4,881 (42,077)€2,763 (21,216)Non-NASH (B)€1,659 (4,117)€2,743 (6,107)€1,712 (3,698)€1,161 (3,200)€1,082 (2,234)€2,027 (2,897)€1,006 (2,397)€2,957 (7,170)€1,991 (4,840)Total (A+B)€3,883 (20,634)€6,727 (25,052)€3,629 (8,795)€3,323 (11,258)€2,440 (6,241)€3,879 (3,811)€2,739 (8,296)€7,258 (36,704)€4,754 (22,117)[^7]

Despite the lack of drugs specifically licenced for the treatment of NASH, the main component of NASH-related direct costs reported by physicians was pharmacological therapy. It is challenging to determine the exact motivation for prescribing specific agents in a multisystem disease, such as NASH, that is frequently associated with other metabolic diseases. However, separate to use for comorbidities, clinicians reported 'off-label' prescribing of a range of medication for presumed additional direct therapeutic benefit on NASH. These principally included medication ostensibly targeting obesity (orlistat \[5.1% of patients\]) or components of the metabolic syndrome (statins \[18.4%\], metformin \[15.5%\], losartan \[4.2%\], fenofibrate \[4.3%\], and omega-3 fatty acids \[5.3%\]), with or without evidence of additional liver-directed therapeutic benefits, and drugs directly targeting the liver (vitamin E \[12.2%\], ursodeoxycholic acid \[5.7%\], and pentoxifylline \[1.1%\]). Some agents (*e.g.* vitamin E) have clinical trial evidence to support their use and are included in clinical guidelines, whereas others lack strong evidence of direct hepatic effects but may have broader therapeutic benefits on metabolic disease. For example, metformin has been shown to reduce the development of T2DM[@bib27], [@bib28], [@bib29]; thus, its use in patients without diabetes but with NASH may have been driven by this consideration and the evidence that there is a bi-directional relationship between NASH and T2DM.[@bib1] Surgical procedures, including weight-loss procedures and liver transplantation, were also reported ([Table S3](#appsec1){ref-type="sec"} in the supplemental information online).

Overall, costs for patients with advanced fibrosis were higher (€3,983) than for those with early-stage fibrosis (€2,224). Again, pharmacological costs were the highest cost item within the per-patient non-NASH-related costs, with up to 27 different drugs prescribed to treat comorbidities, and statins, metformin, and angiotensin-converting enzyme inhibitors being the most commonly prescribed drugs (in 21%, 18%, and 8% of all patients, respectively), likely reflecting the strong metabolic comorbidities. These costs were highest in the USA (€2,957) and lowest in France (€1,006).

Non-medical costs and indirect costs {#sec3.4}
------------------------------------

Patients provided information about both direct non-medical and indirect (productivity) costs. The overall direct non-medical cost per patient was €4,917 ([Table 5](#tbl5){ref-type="table"}). Professional (34%) and informal (48%) caregivers accounted for most of these costs and these percentages increased with disease severity (fibrosis stage). At the country level, there were large differences in professional and informal caregiver costs among different countries. This variability may reflect not only cultural differences, but also the relatively low sample size in each country (see [Table S1](#appsec1){ref-type="sec"} in the supplemental information online, with a range of 5% of returned questionnaires from patients in the UK to 41% in Italy).Table 5Mean annual non-medical and indirect costs (SD) reported by patients with NASH by country.CostNASH stageCountryOverallEarlyAdvancedGermanySpainFranceUKItalyUSAn5462211321691302021997767Non-medical€1,704 (5,785)€4,661 (9,839)€2,695 (7,273)€4,713 (10,828)€213 (920)€2,063 (3,707)€1,977 (5,515)€3,243 (7,685)€2,556 (7,308)Indirect€5,939 (15,989)€12,642 (21,813)€11,624 (24,003)€9,541 (18,223)€2,530 (9,137)€4,994 (8,166)€5,451 (12,175)€13,435 (29,493)€7,871 (18,104)[^8]

The remaining direct non-medical costs resulted from transport, disability allowances, alternative therapies, home alteration, and OTC remedies. Notably, these costs did not correlate with disease severity, and were evenly distributed among countries, with the exception of the UK and France, where costs of these items were proportionally higher. The UK has the highest cost reported for transportation and for OTC remedies; however, the sample size was the lowest of all countries and, thus, these findings should be interpreted with caution.

Total indirect costs were very high, reaching €5,509 ([Table 5](#tbl5){ref-type="table"}) and clearly correlating with disease severity. There was large variability between countries ([Table 5](#tbl5){ref-type="table"}), with the lowest costs in France (€2,530) and the highest costs in Germany (€11,624) and the USA (€13,435).

A major share of indirect costs resulted from early retirement or stopping working (74%), followed by time off work in the previous 12 months (26%). Patient indirect or productivity-related costs correlated positively with NASH severity, because patients with relatively more severe disease had to stop working (12% *vs*. 5% in patients with early-stage disease) or cited that their retirement was the result of NASH (13% *vs.* 5% in patients with early-stage disease); in addition, more patients with advanced NASH experienced work-related problems or sick leaves compared with patients with early-stage disease (74% *vs.* 53%, respectively).

Extrapolation of NASH medical costs to a national burden {#sec3.5}
--------------------------------------------------------

The average NASH-related costs were €2,763, €4,917, and €5,509 per patient for direct medical, direct non-medical, and indirect cost categories, respectively. Adding the non-NASH-related costs borne by the patient increased the average total direct medical cost to €4,754 ([Table 4](#tbl4){ref-type="table"}).

The size and representativeness of the GAIN study CRF sample data was used to extrapolate the total medical cost of NASH using model-based prevalence estimations for the six countries from Estes *et al.*,[@bib4] where a further adjustment was performed to account for the different proportion or weights of fibrosis stages observed in clinical practice. The mean costs for patients with early or advanced-stage NASH in each country in the GAIN study were weighted by the respective proportions of patients with early or advanced-stage NASH following estimations from the aforementioned study (using information from their Table 1 and Fig. 2[@bib4]).

For example, in France, the adjusted prevalence of NASH was 2.3 million and the total per-patient NASH cost was €848 and €2,445 for patients with early or advanced-stage NASH, respectively, which, coupled with the prevalence estimations for a population with early or advanced-stage NASH would give a population cost of close to €2.6 billion annually. The adjusted NASH prevalence was much higher than in the USA than in France. Also, in the USA, 17 million people were estimated to have NASH and, therefore, the total expenditure on NASH was almost €80 billion annually. The national medical costs for patients with NASH are expected to be even higher if resource use related to treatment of concomitant conditions is added, including pharmacological treatment, consultations, and hospitalisations.

However, the population costs rely on an estimated prevalence that is assumed to be accurate and a close representation of the real prevalence of NASH in the countries included in this study. For example, in the paper by Younossi *et al.*,[@bib5] the prevalence of NASH ranged between 1.5% and 6.45% globally, which would provide similar cost projections for their mean point estimation (3.98%, in line with those from [Table 6](#tbl6){ref-type="table"} and from the study by Estes *et al.*[@bib4]). If we used the lower bounds of the prevalence figures from Younossi *et al.*[@bib5] (1.5%), the total costs projections would decrease proportionally, with total annual NASH costs ranging between €1 billion in France and €22.5 billion in the USA. These figures might be subject to change when new prevalence studies are published.Table 6Total economic burden of NASH by country, using only medical NASH costs (SD).CharacteristicCountryGermanySpainFranceUKItalyUSACountry population (4)80,700,00046,100,00064,700,00064,200,00059,800,000324,100,000NASH prevalence, % (4)4.103.903.604.104.405.30Total NASH cases3,308,7001,797,9002,329,2002,632,2002,631,20017,177,300CRF sample, n5405225084235401,221Direct NASH medical costs€1,917 (7,715)€2,162 (10,220)€1,357 (5,427)€1,850 (2,406)€1,732 (7,799)€4,880 (42,077)NASH drug costs, Tx only€655 (2,218)€739 (3,047)€502 (1,292)€624 (1,733)€431 (1,718)€2,240 (6,116)Costs, early-stage fibrosis€909 (3,426)€1,311 (3,001)€848 (1,582)€1,638 (2,072)€1,189 (5,110)€4,466 (34,876)Early-stage NASH cases (4)2,680,0471,402,3621,968,1742,079,4382,052,33613,702,124Costs, advanced-stage fibrosis€4.002 (12,349)€4,107 (17,840)€2,445 (9,253)€2,655 (3,139)€2,989 (11,811)€5,326 (37,112)Advanced-stage NASH cases (4)628,653395,538361,026552,762578,8643,475,176National medical costs of NASH€4,952,604,679€3,462,650,582€2,551,899,368€4,873,746,196€4,170,141,834€79,701,054,554**Conservative prevalence scenario of 1.50% NASH cases per country (5)**NASH prevalence (5)1.50%1.50%1.50%1.50%1.50%1.50%Total NASH cases1,210,500691,500970,500963,000897,0004,861,500National medical costs of NASH€1,811,928,541€1,331,788,686€1,063,291,403€1,783,077,877€1,421,639,262€22,556,902,232[^9]

Discussion {#sec4}
==========

The GAIN study aimed to provide comprehensive and accurate insight into the cost landscape for the real-world NASH population across the EU5 countries and the USA, and, to our knowledge, it is the first research of its kind to adopt a societal perspective.

Direct medical costs for non-NASH related events were almost as high as medical costs for NASH-related events for each of the countries. With the exception of France, direct non-medical and indirect costs for each country were high. This is consistent with the finding reported by Younossi *et al.*[@bib23] in their cost of illness study, where calculated societal costs were consistently higher than medical costs (despite the differences in methodology between the two studies). There is currently a remarkably paucity of data focussing on the costs of patients with NAFLD and NASH (whether including or excluding costs unrelated to NASH); nevertheless, Younossi *et al.*[@bib23] reported a NAFLD per-patient cost of €1,463 in the USA and in the range of €354--€1,163 in four EU countries (Germany, France, Italy, and the UK). These costs would lead to a total country cost of €93.4 billion in the USA and €35 billion for the four countries in Europe in the population with NAFLD. The costs predicted by GAIN for NASH only (excluding cost for concomitant conditions) were almost €80 billion in USA and €20 billion in the EU5 countries.

The only known literature review on the topic is that by Younossi and Henry,[@bib30] where 600 citations were reviewed but only six studies retrieved for detailed evaluation. However, only one of the six studies, performed by Ghamar Chehreh *et al.*[@bib31] in the Iranian population, used a similar methodology (*i.e.* cross-sectional study estimation of NAFLD cost per patient per year) with an annual average equivalent cost of US\$5,043 per patient. Nevertheless, the comparability between these studies and the GAIN study must be interpreted with caution for several reasons, not only because NAFLD and NASH are different populations, but also because of the use of different methodologies for collecting resource use data and the use of different prevalence estimations in each country.

Caregivers, whether professional or informal, accounted for the greatest proportion of direct non-medical costs. Furthermore, indirect per patient costs were higher than medical direct costs in all countries.

The study also revealed differences in diagnostic practice between Europe and the USA. The use of ultrasound and other non-invasive techniques and serum biomarkers was more frequent in the EU5 countries, whereas, in the USA, proportionately more patients had their diagnosis confirmed by biopsy.

More advanced fibrosis was associated with higher levels of comorbidity and lower generic and disease-specific QoL scores. Costs also increased with increasing NASH severity.

Limitations {#sec4.1}
-----------

The patient PPIE sample was self-selected and, therefore, may not accurately represent the NASH population as a whole. Even though questions were framed in relation to NASH-specific burden (*e.g.* the productivity losses question was "Have you missed work *because of NASH* problems in the last 3 months?"), some physicians and patients might account for other conditions when responding to these questions and, thus, the possibility of double counting costs cannot be completely ruled out. Nevertheless, an effort was made to include non-NASH-specific elements separately in the CRF questionnaires (drugs, consultations, and hospitalisations exclusively for concomitant conditions). However, and despite having clearly separated questions for drugs prescribed for NASH and other comorbidities, it is difficult, as previously stated, to determine the exact motivation for prescribing specific agents in a multisystem disease, such as NAFLD/NASH, that is frequently associated with other metabolic diseases. Additionally, some of the subgroups analysed were small, particularly in the patient sample. No quota was enforced for PPIE questionnaires. As a result, there was a smaller number of patients reporting EQ-5D at both the earliest and most advanced fibrosis stage (F0, n = 35 and F4, n = 48). Therefore, the generalisation of these findings to individual countries requires caution; for example, no patients with F0 NASH in the UK and France provided HRQoL data from either EQ-5D or CLDQ-NAFLD. The possibility of recall bias for physicians is minimum, given that they looked at their patients records to provide CRF data. This might happen for patients, although the number of questions where recalling data was needed was kept to a minimum.

A possible limitation was the inclusion of misdiagnosed (*i.e.* incorrect distinction between NAFL and NASH) and misclassified NASH cases because of the use of non-invasive testing to diagnose disease. However, the aim of the GAIN study was to provide a broad picture of the current clinical practice and, therefore, including only patients with biopsy-confirmed disease would have focussed the data on a potentially unrepresentative cohort of patients in secondary and/or tertiary care, which would have missed the complexity and diversity of this condition. In fact, the GAIN study revealed that \>50% of the overall population identified as NASH never underwent a biopsy to confirm their disease.

There is a scarcity of both QoL and costs (burden of illness) studies in the NASH field, as well as a wide variability of prevalence estimates within the general population. Nevertheless, given the current global rise in obesity and population ageing, NASH is considered to be a serious threat to public health and the associated burden is expected to increase over time. However, differences in population, and the methodology for collecting and computing cost and prevalence estimations, make it difficult to directly compare the results of GAIN and the study by Younossi *et al.*[@bib7]

In conclusion, the GAIN study has successfully furthered our understanding of the cost of NASH in the EU5 countries and the USA, and how these costs differ among the participating countries. However, there is scope to delve deeper into the study data set to learn and understand more about the global economic burden of NASH. For example, further analysis would help stakeholders understand the drivers of cost and outcomes among this population, and better understand the causality of poorer outcomes and higher patient costs.
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[^1]: Data are presented as n (%), unless otherwise indicated.

[^2]: Calculated on a *post hoc* basis using information from patients\' height and weight.

[^3]: EQ-5D, EuroQOL 5-D; NASH, non-alcoholic steatohepatitis.

[^4]: UK data (n = 20) were not used for this question because of a low response rate.

[^5]: CLDQ-NAFLD, Chronic Liver Disease Questionnaire -- Non-Alcoholic Fatty Liver Disease; NASH, non-alcoholic steatohepatitis.

[^6]: UK data (n = 20) were not used for this question because of a low response rate.

[^7]: NASH, non-alcoholic steatohepatitis.

[^8]: NASH, non-alcoholic steatohepatitis.

[^9]: CRF, case record form; NASH, non-alcoholic steatohepatitis; Tx, treatment.
